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Laminar Flow past a Sphere Rotating in the Transverse Direction
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Abstract

Numerical simulations are conducted for laminar flow past a sphere rotating in the transverse direction, in order to investigate
the effect of the rotation on the characteristics of flow over a sphere. The Reynolds numbers considered are Re=100, 250 and
300 based on the free-stream velocity and the sphere diameter, and the rotational speeds are in the range of 0<w*<, where
0* is the maximum velocity on the sphere surface normalized by the free-stream velocity. At w*=0 (without rotation), the
flow past the sphere experiences steady axisymmetry, steady planar-symmetry and unsteady planar-symmetry, respectively, at
Re=100, 250 and 300. However, with rotation, the flow becomes planar-symmetric for all the cases investigated and the
symmetry plane is orthogonal to the axis of the rotation. The flow is also steady or unsteady depending on both the Reynolds
number and the rotational speed, and the vortical structures behind the sphere are significantly modified by the rotation. For
example, at Re=300, hairpin vortices completely disappear in the wake at 0*=0.4 and 0.6, and at w*=] vortical structures of a
high frequency are newly generated due to the shear layer instability. It is also shown that with increasing rotational speed, the
time-averaged drag and lift coefficients increase monotonically.
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Fig. I Coordinate system and typical mesh near a
sphere for Re=100.
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Fig. 2 Vortical structure behind a stationary
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Fig. 3 Modification of vortical structures owing
to the rotation at Re=100,
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Fig. 4 Streamlines on the (x»)- and (x,z)-planes at
Re=100: (a) v*=0; (b) w*=0.25.

Fig. 5 Modification of vortical structures owing
to the rotation at Re=250.
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Fig. 6 Modification of vortical structures owing

to the rotation at Re=300,
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Fig. 7 Contours of azimuthal vorticity on the
(x,y)-plane at Re=300: (a) u*=0.6; (b) ¢*=1.
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Table 1 Flow characteristics depending on the
Reynolds number and the rotational speed. S, U, A
and P denote, respectively, steady, unsteady,

axisymmetric and planar-symmetric flows.
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Fig. 8 Variation of drag and lift coefficients with
respect to the rotational speed: (a) drag; (b) lift.
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Fig. 9 Variation of the pressure coefficient along the
sphere surface with respect to the rotational speed at

Re=100.
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